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Uranium Occurrences, and Process Development for Recovering Uranium
and Vanadium from Uranium Ore in Coaly Meta—Pelites in Ogcheon
Terrain, Korea (I)

So Chil-Sup - Choi Cheong-Song

ABSTRACT: Combined mineralogical and geochemical studies were made on two hundred
eighty one representative samples from uraniferous coaly meta—pelites of the Ogcheon metamorphic
terrain. Different mineral occurrence of the areas investigated should be taken into account for
chemical processes for uranium extraction. Secondary uranium minerals identified are metaurano-
circite, metatorbernite and autunite. These are -disseminated mostly on the laumontites which
infused and filled secondary openings in the coaly mairix, and are :often closely associated with
iron oxides. The uranium distribution show distinctly log normal. Geochemical correlation coefficient
of uranium and organic carbon displays +0.624~-0.796. The relationship of the major com-
ponents to uranium can be expressed by the following regression equation: Log (UsOgX10%) =
1.40117—0.00076 (quartz) —0.00118 (muscovite) +0. 00235 (biotite) +0. 00323 (other silicates) —
0.01114 (apatite) +0.01124 (hematite) +0. 00149 (limonite) —0. 01823 (opaques)-+0. 03049 (organic
carbon). Uranium in the coaly meta-pelites of the Ogcheon Group was deposited together under
same physico-chemical environmental conditions. There is a considerable variation in the 0%S
values (11.2~16.8 per mil) of the pyrites from the U-bearing meta-pelites, which implies
sedimentary origin. The two U-bearing coaly rocks analyzed have 813C values between —16.88~
—18.00 per mil, which suggests organic.
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Fig. 1 Distribution of the Ogcheon Group, with index map(inset) of the Ogcheon metamorphic terrain,
showing’ the sampling localities and uranium contents in coaly meta—pelites.




BB - 2R 37

Goe san
areg

8o seong
mine

Sin tan jin-
I won-Mi won
area

Sam jeong

mine

Dae jeon-
Jin san
area

o 300j0 20(0 30{0 20|0
PR

[ Lot toa

L1t

10jo 1010 Hio 1510 5/0 5

Lo L2 1}

Organic

Muscovite
carbon Quartz

Us Og

Biotite

| RO SO B 1 S T - S S
Other |

e Apatite | Hematite | Limonite Other
silicates

opaques
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in U-bearing coaly meta-pelites of the studied areas.
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texture precipitated on limonites (b, 10X).
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Fig.7 Meta-uranocircite (a, strongly fluorescent under UV lamp), meta-torbernite (b) and autunite (c)

closely associated with laumontites,

developed on different planar structures in coaly matrix.
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Fig. 8
from the Bo seong mine. Laumontite dehydrates gradually in three steps in the tem-
peratures from room temperature to 200°C, from 200°C to 350°C, and from 350°C to
700°C. DTA curve show three broad endothermic peaks at 80°C, 190°C and 345°C.
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Table 1. Correlation coefficients between each two variables of constituents in Goe san area
Log>(<llJ(3)?)s Quartz Muscovite Biotite Soiﬁ:eartes Apatite Hematite Limonite Opaque ggba;;ic
Log (Us0gx10%) 1.000 —0.243 —0.273 —0.128 0.227 —0.292 0.185 —0.129 —0.330* 0. 796+*
Quartz 1.000 —0.036  0.292 —0.213 0.075 —0.013 0.130 0.106 —0.341*
Muscovite 1.000  0.053 —0.077 0.214 —0.173 0.186  0.263 —0.408**
Biotite 1.000 0.044 0.235 —0.000 0.112  0.612** —0.036
Other Silicates 1.000 0.269 0.041 0.329*% —0.049 0.317*
Apatite 1000 0.121 0.504** 0.112 —0.263
Hematite 1.000 0.249 —0.043 0.042
Limonite 1.000 —0.095 —0.155
Opaque 1.000 —0.275
Organic carbon 1. 000
* : Significance level<5%~1%
** . Significance level<<1%
Table 2. Correlation coefficients between each two variables of constituents in Bo seong mine
L°g>(<lljégs Quartz Muscovite Biotite Soiiizrtes Apatite Hematite Limonite Opaque cOarrgb?éc
Log(U305 %X 10%) 1.000 —0.341* —0.178 0.022 —0.015 0.237 0.053  0.016 —0.133  0.624**
Quartz L1000  —0.057 —0.225 —0.155 0.417** —0.267 —0.130  0.007 —0.329*
Muscovite 1.000 0.065 —0.238 —0.259 0.080 0.095 0.159 —O0.345*
Biotite 1.000 —0.138 —0. 141 0.275 —0.083  0.246  0.265
Other Silicates 1.000 —0.195 —0.033 0.069 —0.087 —0.163
Apatite 1.000 —0.185 —0.251 —0.124  0.258
Hematite 1.000 0.233 —0.011 —0.027
Limonite 1.000  0.174 —0.317%
Opaque 1.000 —0.286*
Organic carbon 1.000
* : Significance level<<5%~1%
** : Significance level<{19%
Table 3. Correlation coefficients between each two variables of constituents in Sin tan jin-I won-Mi won area
Log>(<111(3)gs Quartz Muscovite Biotite Soi%::eartes Apatite Hematite Limonite Opaque 3231)3;2(“
Log (U305 X 10%) 1.000 —0.237 —0.166 —0.167 —0.132 —0.175 —0.242 —0.137 —0.182 0. 692%*
Quartz 1.000 —0.289  0.274 0.275 0.094 —0.215 —0.304  0.125 —0. 092
Muscovite 1.000 —0.173 0.150 —0.082 0.043 0.238 —0.112  —0.402*
Biotite 1.000 —0.147 —0.084 —0.171 —0.091 —0.113 —0.256
Other Silicates 1.000  0.003 —0.104 —0.083 —0.1]11 —0.243
Apatite 1.000 0.046 0.207  0.511** —0.081
Hematite 1.000 0.697** —0.053 —0.128
Limonite 1.000 —0.128 —0.120
Opaque 1.000 —0.067
Organic carbon 1. 000

* : Significance level<<5% ~1%

** : Significance level<<1%
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Table 4. Correlation coefficients between each two variables of constituents in Sam jeong mine

Loggll(s)?)s Quartz Muscovite Biotite S%iﬁ:?tes Apatite Hematite Limonite Opaque gl;.%%ri:‘
Log (U305 X 10%) 1.000 —0.160 —0.331** 0.041 —0.147 —0.037 —0.026 —0.278* —0.473** 0. 763**
Quartz 1.000 0.159 —0.050 0.066 —0.058 —0.003 —0.067  ©,375%* —0.236*
Muscovite 1.000 0.045 0.016 —0.007 —0.077 0.031 0.521** —0.331**
Biotite 1.000 —0.012 —0.068 0.008 0.162 0.102 —0.053
Other Silicates 1.000 0.167 —0.046 —0.032  0.277* —0.163
Apatite 1.000 —0.057 —0.112  0.041 —0.016
Hematite 1.000 0.300%**—0.034 —0.124
Limonite 1.000 0.030 —0.307**
Opaque 1.000 —0.401**
Organic carbon 1.000

* : Significance level<5%~1%
** : Significance level<<1%

Table 5. Correlation coefficients between each two variables of constituents in Dae jeon-Jin San area

Log>(<llj(3)40>8 Quartz Muscovite Biotite

Log(Uz0gx 10%)
Quartz
Muscovite
Biotite

Other Silicates
Apatite
Hematite
Limonite
Opaque
Organic carbon

1.000 —0.549%* —0.313** —0,301** 0.013 —0.040 —0.073

1.000 0.403**

1. 000

(S)ﬁg;rtes Apatite Hematite Limonite Opaque ((;Ll;g;.or::c
0.071 —0.332** (.790%*
0.379**—-0.151 0.017 0.027 0.030  0.335**—0.601**
0.440%*—0,235*—0.023 0.029 —0.074  0.394**—0.455**
1.000 —0.154 —0.033 0.118 0.108  0.205 —0.413**
1.000 —0.055 0.076 —0.013 —0.138 —0.192
1.000 —0.064 —0.019 —0.038 —0.066
1.000 0.445%* 0.016 —0.142
1.000 —0.067 0.118
1.000 —0.356**
1. 000

* : Significance level <5%~1%
** : Significance level<(1%

Table 6. Correlation coefficients between each two variables of constituents in all the U-bearing coaly meta—pelites

Log>(<[if(3)gs Quartz Muscovite Biotite

Log(Us05x 104
Quartz
Muscovite
Biotite

Other Silicates
Apatite
Hematite
Limonite
Opaque
Organic carbon

1.000 —O0.283** —0.325%* —0.174**—0.042 —0.019
0. 158**

1.000
1. 000

é)iﬁi;rt es Apatite Hematite Limonite Opaque gl;gliﬁllc
—0.024 —0.029 —0.264** 0.684**
0.265%*—0.057 0.083 —0.029 —0.085 0.194** -0, 367**
0.246**—0.079 —0.024 —0.001 —0.058 0.220**—0, 423**
1.000 —0.065 —0.019 0.049 —0.018 0. 195%*—-0. 256%*
1.000 0.005 0.030 —0.004 —0.036 —O0.135*

1.000 —0.044 —0.029 0.010 0.004

1.000 0.304**—0. 007 —0.103

1.000 —0.072 —0.088
1.000 —0.247**

1.000

* : Significance level<{5% ~19%

** : Significance level<1%
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Fig. 14 Quartz content plotted against uranium.

TP3F et W 2AFAdAA gl AANL
MBS 2 BRRFE ksl = 0] gL £ 1-69] 7]
A HEREAA & F Ak F S AR 2o
E9 HMBGRE Ze A FHEY, (r=0.624
~0.796) HERFEA A $HEy FuAFe o
46.8% 7} = vk, (BRILMUR 72=63.4%, BRI r’=
38.9%, FrEbE—IRBE—KBIHUR 12=47.9%, =H%
Hi 72=58.9%, KHE—BILUBEK 72=62.4%).

WRAHE 23 Hlss KE—21UHEmR e A
ARREL S Mg 2 EERGE 22 (=
0.796, y=0.790), KH—BIUMK} BRI LA =
FHAREWA HEl = FH B9 HEES RdZd
(r=—0.549, r=—0.341) (E14). ¥4 REH] Fol
dA38 AL Wl BHAGAAE BRRELRT &
Eeftapol 2t 2 HBEE 1o FY2(r=0.425,
7=0.644) (& 6), BMAG A FHEFEY GEEE) ol
e 2 HBMGR(G=0.508)5 2= Aoz ¥
G ub JATHGRMEE - FRbg 1980). RERHEY 7]
o Mg A $eEe BRES S o okg
FAE ZAY Z8A #9 A (BRR) T 1S

W F=t59] BRESES BHEE 93 g
FBRL 1og(Us05x 104) =1. 357994-0. 03164 (organic
carbon) 2 RFATE £ HWIKH FEERYS Swe
&30 BRER =t 29 FHTS W A4 g
T ARG EEFEG A$ 2A%d s B &
(@ 15), o7& WIIBE & RESRIRLENY

el FAE HEREAA AAF9EE A

B Aoz zEdd =3 W 4 AGd4 5
3 & E HERARE 2 A FRREY &
Bespee Aoz wFo] o|EL $uAAd & o
Fe FIEE F3T F 3k o8 AL SEE
o] AE4d g A3 A9 ARFNAE QA
o AT(@E 6). F FFEHRS Tk L34
6(59] S-ElFo) wEsHk fholeo AdE MK
B(pH)o] v}t HHS wonlA BLEES ATt
WRERER S 4HS B 2A laumontite o} FBEAL
Y =t REWY BEIA FA48 Aoz Azdd
(Swanson, 1960; #r-&, 1976).

9 FRSUGA a$EE RESHEA AE3de
T BEANGY BREAMTE %S 0¥5=11.2~168
per mil 24 9.4 HEFEFAS FAN o HEHE
st ZHibd=e &9 RERET RE5Y
RERI TR A7 08C=—16.887 —18.000] =z,
ol HEELE AANES. A7 A 59 BRFAMICEK
= A7 5180=15.277 14.708] e ARTHEE 7). 2
Z Egps] SEF AR A &kglas
of flate] REMol AT FA thojolAd AL 3
3} BRALolA A% urapinite FEHY Aozt 9
7ol #HEd vk AoH(ErgEst, 19815 ZEHUR, 1984),

A ATAGAA Y et EREE S TASE FER
#et BE MREpel RE ehEol dstd #E HEE
BABASRE 7=0.694490] 2, LBPEFH/HL LS F5t4

B 1) BILIR (r=0. 83704) log(Us0sx 104 =0. 5127940. 00403

(quartz) +0. 00745 (muscovite) —0. 00176 (biotite)
+0. 00428 (other silicates) —0. 07832 (apatite) 4-0. 09725
(hematite) —0. 01613 (limonite) —0. 02877 (opaques)
+0. 04397 (organic carbon)

TR IR (r=0. 72571) log(U30sX 104)=1. 08386 —0. 00669
(quartz) -+0.00645 (muscovite) —0.04876 (biotite) 4
0.01039 (other silicates)+ 0. 15047 (apatite) +0. 06215
(hematite) +0. 07532 (limonite) +-0. 03783 (opaques) +
0. 03748 (organic carbon)

P —Uebi— KBEHUR (r=0. 75498) log(Us0sX 10%) =
1. 71953 — 0. 00514 (quartz) + 0.00065 (muscovite) -+
0.00130 (biotite) + 0. 00389 (other silicates) —(. 07974
(apatite) — 0. 03874 (hematite) + 0. 01076 (limonite) —
0. 00432 (opaques) +0. 01622 (organic carbon)

=L (r=0. 80708) log(Us0sX10%=1. 51893+0. 00317
(quartz) + 0. 00119 (muscovite) + 0. 05322 (biotite) -+
0.00459 (other silicates) — 0. 00653 (apatite) +0. 01690
(hematite) —0. 00991 (limonite) — 0. 11393 (opaques) +
0. 03330 (organic carbon)

KE—Z1LHE (r=0. 82322) log(UsOsX 10%) =1. 41339—
0. 00134 (quartz) +-0. 00513 (muscovite) +0. 00343 (bioti-
te) +0. 00914 [ (other silicates) + 0.01881 (apatite) -+
0. 01056 (hematite) —0. 00974 (limonite) —0. 00853 (opa-
ques) +0. 02800 (organic carbon)
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tog(UzOgx 10%) = 35799+ 0.03164 (Organic Carbon)
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Fig. 15 Relationship of organic carbon to log uranium. Goe san area log (U305 X 10%)
=0. 67437+0. 04424 (organic carbon), Bo seong mine log (Us05X 10%) =1. 32008
+0.03274 (organic carbon), Sin tan jin-I won-Mi won area log (UsOgx 10%)
=1.56512+0.01668 (organic carbon), Sam jeong mine log (UsOgX 104)=
1.46059+0.03743 (organic carbon), Dae jeon-Jin san area log (U30%X 104) =

1.54942+-0. 02458 (organic carbon).

Table 7. Carbon isotope (per mil) of the U-bearing

Table 8. Average of the squared deviations

coaly meta-pelites and sulfur isotope(per e
mil) of the pyrites in the U-bearing coaly Area ZO—N¥N
rocks Goe san area 0. 1274974
Area l oBC l a180 ! 48 Bo seong mine 0. 2251078
Bo seong mine l —16.88 l 15.27 | 11.2~16.8 Sin tan jin-I won-
. — Mi won area 0. 05908827
in tan jin-I won- |
Mi won area 7.23 l 15.93 Sam jeong mine 0.0961015
Sam jeong mine l —18.00 I 14.70 Dae jeon-Jin san area 0. 07426310
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T8 SZEEFEHBERS log (UsO0sx104) =1.40117—
0. 00076(quartz) —0. 00118 (muscovite) --0. 00235 (bioti-
te) +0.00323 (other silicates) —0.01114(apatite)+-0.01124
(hematite) +0. 00149 (limonite) —0. 01823 (opaques) +
0.03049 (organic carbon) 2. R A=t 9kTy EE
EfRl A AAA R A £8H 2R (E(Y-7)2
/N, Y=2AAS-ewe &=, ¥=99 EHEHER]A
F38 $-eL59] predicted content).
s B

RHERE A E2sts WIERNF U g4 2
HAY ddo] AA pHists ERArSss HEs
B 4o e EHkESt S 2
HERGR d7E FRAT & 28109 mERps
A4z & AAPATE 27529 A5d 95t H
BAZ BL3 #Ed T2 GRUE 1976, BRbk.
LR 1978, Ay - LR 1980) % TS Hidle
£t

D %2 RERAERY 4349 HRgye] y&
< WEAE QA g Aed, 53 FmsLg
KE-ZHg A REEHED EHEET 2o A
& e e 98 &4 A9E) shehEA o)A
Faslojof o),

FRBLT SR Aol A SRS HEe® R
FHE 2392584 (metauranocircite, metatorber-
nite, autunite) & A 5 fERSEYC] A BB
ol A Al wdsls A HEEe g
2 EH N BER e 9 The mEiRo = HE
A2 4, £3) laumontiteo] ulE v @by =
Ao E2ol2 24 & ZAL ALz BaAs
S g,

2) W RERE BEAE $o9%9 sty
TEAEE IR S A 98l 25 &4 3 lognormal
distribution & ¥ o] Fo},

) WHE A AFAGAA Sdwd A7 To
o] HBRBIRE 2 AL BHEREIH 2ulFy 4wt
AT BT AT%O) T HRLMER 72=63.4%, R
7°=38.9%, BME—JEbi—KBEibik 72=47.9%, =3
PRI 72=58.9%, KE—BIUMIE 12=62.4%), <oty
o AT BEREA Wd ERHERS log
(U305 X 10%) =1. 35799-+0. 03164 (organic carbon) o2
Eddo RELe) AA8 AL ML D ERMHE)
A BRRERT @tye) $ehest o fape

T 7HAe GRS 59 HBEGRE RdEch BER
R MRl BIE = sty 2 AAE
&7 Sk SWPEFESS Bt T3 STEEG
TiFERL log(U30e X 104) =1.40117—0. 00076(quartz)—
0. 00118 (muscovite) 4-0. 00235 (biotite) 0. 00323 (other
silicates) — 0. 01114 (apatite) + 0.01124 (hematite) +
0. 00149 (limonite) — 0.01823 (opaques) --0. 03049 (or-
ganic carbon) 0. FA =t}

4) TR ZHFLUL N S 4% eE HEPEG
o RESS) REFMTCHEE 08C=—16. 88~ —18. 00
o]z, o= HEELL ANdED. 4%y wEg
BT REASRY HRAMCERS MS=11.2~168
per mil 24 MEFHEFH IS A S Fo)

S) ETEEREY 4 A9 EEERY g%
o] EEFER =t 29 Fggie] Wi Ax) ATFA
BoAe mFEER B 23t Boo Wi g#t:
FORERERS $oHF0] 2% $A3 3444 24
HAARE FATA E F S REKS HTFA
SN 6] FebEo] WEHE fholed Yz o)E
SFAA HIFAKY 42 (pH) o] $HES o} BRI S
AFsE REPEFT 48 922 laumontite 9}
By =5 WREW BEWE 949 Aoz Am
et
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